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(54) ARTICULATED ROBOT AND ITS CONTROLLING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high- 
functional articulated robot having an offset rotary joint of 
small and light construction and bearing a high torque 
and capable of making complicated and precise motions 
with a high pay load, whereby track preparation can be 
made simply and smooth operations with quick response 
be performed even of the required motions are 
complicated. 

SOLUTION: A high reduction ratio transmitting and 
torque increasing mechanism is adopted to a rotation 
transmitting mechanism provided inside each joint of an 
offset rotary joint so that adoption of a small-sized motor 
is made practicable, and motion region of an end effector 
3 is divided into a plurality of blocks B and the motion 

conditions of each joint required to make movement to the specified block are turned in 
database block while the instruction of working points in the specified block region is turned in 
database, and track preparation is made in the basis of the block region data till the block of 
the working region, and when the reference point of the block is attained, the intra-block 
working point data is called and the motion of each joint is decided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the articulated robot 
which has an offset revolution joint with the control method of an articulated robot and an articulated 
robot, and its control method. 
[0002] 

[Description of the Prior Art] Conventionally, the articulated robot which has the offset revolution joint 
which has axis of rotation in which the joint carried out predetermined angle dip with the link axis is 
proposed (for example, the PCT international disclosure WO 88/No. 03856 official report). By a 
follower side arm making the intersection of an arm axis and offset axis of rotation top-most vertices, it 
is the structure of whenever [ offset angle ] which carries out cone rotation, and by preparing two or 
more these offset revolution joints, it is the easy device of only rotation and, as for this offset revolution 
joint, precise three-dimensions positioning can do an end effector in the extensive movable range. And 
since it is only an axial revolution, precise point-to-point control is easily possible, and there is an 
advantage which can tell torque big moreover. Moreover, by connecting many arms at an offset 
revolution joint, a motion like a snake can be carried out for the whole arm, an end effector can be 
moved in a complicated activity path, and it is possible to carry out the motion which the conventional 
articulated robot does not have. 

[0003] However, if many arms are connected in order to realize the above-mentioned function 
effectively, the self- weight of the arm itself will become heavy, the pay load of an end effector 
decreases, there are problems, like a heavy load activity becomes difficult, and the offset revolution joint 
which can acquire' high torque by lightweight small more is demanded. 

[0004] On the other hand, although the off-line teaching by the remote teaching method with the direct 
teaching method, a joy stick, etc., a numeric data input, etc. is known for the conventional robot system 
as a location and a method of teaching attitude information, these instruction is the ways a robot teaches 
directly or indirectly the point on the locus from a starting point to a target position in detail. And the 
controlled variable of the motor arranged in between the taught working points at each joint in order to 
move a robot as a directions path was calculated, the orbit was generated, and the controlled variable is 
given to each motor as a command value. Therefore, by the robot of many joints, while it is difficult to 
teach in the case of complicated trajectory generation, count of trajectory generation becomes intricately 
huge, the load of a computer increases, and a speed of response becomes slow, consequently there is a 
problem of a smooth motion becoming impossible. 

[0005] There was combination of a motion of each joint innumerably, and since trajectory generation 
was complicated, by the conventional robot's method of controlling, the speed of response could not but 
become slow moving an end effector from a starting point to a target position especially in the case of 
the articulated robot which has an offset revolution joint as mentioned above. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention can be originated in view of the above- 
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mentioned actual condition, the place made into the object can adopt a smaller drive motor, and stronger 
running torque can be told, and positioning of high degree of accuracy can be performed, the offset 
revolution joint of high torque is obtained more by the small light weight, and a pay load is by 
connecting [ multistage ] this offset revolution joint to offer the highly efficient articulated robot which 
does the complicated precise motion with a movable range it is large and wide and. 
[0007] Moreover, without needing complicated data processing each time, even if it is the articulated 
robot which has the end effector which carries out the above complicated motions, trajectory generation 
to a target position can be performed simply, and even if it is a complicated motion, the 2nd carries out 
the object of offering the control method of the articulated robot which enables a speed of response to be 
able to work smoothly early. 

[Means for Solving the Problem] An articulated robot of this invention for attaining the above- 
mentioned technical problem In an articulated robot which has at least two or more offset revolution 
joints by which revolution actuation is carried out at the circumference of offset axis of rotation toward 
which a driving-side arm and a follower side arm inclined to an arm axis By motor, incline at the head 
of an arm of either a driving-side arm or a follower side arm by whenever [ predetermined offset angle ], 
and the hollow axis of rotation by which revolution actuation is carried out is prepared in it free [ a 
revolution ]. The Rota member which has turning effort transmitted by arm end face of another side 
from said hollow shaft is fixed, and it is characterized by said hollow axis of rotation and said Rota 
member serving as high reduction gear ratio transmission and an increment device in torque. 
[0009] As said high reduction gear ratio driving mechanism, although a harmonic-drive device can 
apply suitably, it cannot restrict to this and other planetary gear reduction styles, special tooth form 
reducer styles, etc. can be applied. Moreover, by telling turning effort from a motor to the hollow axis of 
rotation by engagement with external-tooth bevel gear fixed to an output shaft of a motor, and internal- 
tooth bevel gear fixed to a end face of said hollow axis of rotation, within an arm, a motor can be 
arranged so that axis of rotation may serve as an arm axis, coincidence, or parallel, a path of an arm can 
be made small, and it is desirable. Moreover, a driving mechanism from said motor to the hollow axis of 
rotation can also adopt belt transmission which consists of a timing belt which constructed between a 
pulley fixed to an output shaft of a motor, a pulley fixed to a end face of said hollow axis of rotation, 
pulley, and said pulley, and was passed. 

[0010] Constituting in case one apparatus so that a case may become a part of arm about said motor, and 
by considering as a motor with a brake which was united with an encoder and a tachometer, anchoring 
assembly to an arm main part is easy, and menthene NANSU is also easy assembly. Moreover, an arm 
can be held in a predetermined location, without needing a special brake gear. Furthermore, by making 
an output side and a reverse side shaft edge of a motor shaft project, and preparing a manual revolution 
controller in a lobe, angle adjustment at the time of assembly can be performed manually, and an 
assembly becomes easy. 

[001 1] A control method of an articulated robot of this invention which attains the 2nd object of the 
above While dividing an active region of an end effector into two or more Brock and putting in a 
database for every Brock by using an operating condition of each joint required to move to 
predetermined Brock as the Brock field data Instruction of the activity point in a predetermined Brock 
field is put in a database as activity point data in Brock. If Brock of a working area is chosen 
beforehand, when an operating condition of each joint is determined by the Brock field data by which 
call appearance was carried out from said data base, and said joint drives so that these conditions may be 
fulfilled, an end effector will be moved to said selected Brock's reference point. And if Brock's selected 
origin/datum is arrived at, it will be characterized by calling said activity point data in Brock, and opting 
for actuation of each joint. Therefore, since a complicated operation which coordinates a motion of each 
joint with a motion of an end effector, and determines an orbit is not performed, the amount of data 
processing can be reduced exceptionally and speed-ization can be attained. 
[0012] It is also possible to put only either in a database although it is more accelerable by this 
invention's also putting activity point data in the Brock field in a database with the Brock field data as 
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mentioned above, and controlling combining both. Each joint compares with a current condition of 
operation the Brock field data given from said data base and each joint operates independently in 
juxtaposition by performing motor control independently so that said Brock field data may be filled to 
move an end effector to the predetermined Brock field. What is necessary is just to combine two or more 
Brock, when crossing to a working-area wide area. 

[0013] Since a load of a computer is made to mitigate and it enables it to correspond to improvement in 
the speed when carrying out a complicated motion to which an arm surged an articulated robot, 
moreover, in this invention While a joint control means stored in each joint is independently connected 
with a central controller which controls a motion of the whole robot, respectively A network was 
constituted so that between each joint control unit could exchange immediate data, and while being able 
to carry out the parallel control of each joint, it enabled it to send angle information on a direct joint to a 
joint which adjoins at the time of a complicated motion. 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to details 
based on a drawing. Drawing 1 shows the schematic diagram of the articulated robot of this invention. 
While many arms 2 are connected at an offset revolution joint, and a motion [ like a snake ] whose robot 
arm itself is is possible for the articulated robot 1 of this invention and being able to move an end 
effector 3 with 6 flexibility in three-dimension space, the sense can also be freely moved in three 
dimension. In addition, while the articulated robot of this operation gestalt has the joint camera 4 
suitably as a configuration discernment sensor, the plinth camera is also installed if needed, the head arm 
5 which is supporting the end effector 3 - free ~ telescopic motion ~ and it is formed pivotable. 
Moreover, the revolution joint and shaft-orientations flexible joint which do not have an offset angle 
between the arms connected at the offset revolution joint if needed may be prepared suitably. 
[0015] One operation gestalt of the offset revolution joint of the articulated robot of this invention is 
shown, and the main structural feature is in the following point. 

** The high slowdown and the torque buildup device in which it had a breakthrough were adopted as 
actuation driving mechanism of a joint, and precise slowdown transmission without an increment and 
backlash of torque was enabled. 

** The external-tooth bevel-gear-internal-tooth bevel-gear device or the belt transmission device was 
further adopted as turning-effort transmission from the motor to a high slowdown and torque buildup 
device of the joint section, while aiming at high slowdown and torque buildup more, it made it possible 
to form a motor in same axle in an arm, and cutback-ization of the diameter of an arm was attained. 
** It attained the miniaturization while the motor carried out unitization of the sensor means of each 
joint, and the control means to a motor and one as the motor case formed a part of arm, while uniting 
with an encoder, the slip ring, and a tachometer, and it simplified anchoring to an arm. Furthermore, the 
breakthrough was prepared in the motor shaft. 

** By preparing the slip ring also in the output shaft of the joint section, the free roll control method 
which does not take a hand of cut into consideration carried out adoption possible, and easy-ization of a 
roll control was attained. 

** By making a motor shaft project from the slip ring, and enabling it to rotate a motor shaft manually at 
the time of assembly, as accommodation of gear-tooth doubling at the time of assembly etc. was 
completed easily, easy-ization of assembly was attained. 

** The signal line and power line which transmit a control signal and power to each joint and an end 
effector were devised so that the interior of an arm and a revolution joint could be penetrated and 
arranged and these signal lines or power lines might not be damaged by the driving mechanism of a 

revolution joint. ,. 
[0016] Hereafter, drawing 2 explains the concrete configuration of the offset revolution joint which has 
the above-mentioned focus. Drawing 2 The shown offset revolution joint shows the condition that are 
the case where use a cylinder-like hand arm as the driving-side arm 6, and the hand arm is being used as 
the follower side arm 7 so that it may be shown, and the follower side arm is connected [ drawing 1 ] at 
the offset revolution joint of offset angle gamma to the arm axis of a driving-side arm. The head of arm 
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main part 6a of the driving-side arm 6 serves as right-angled right-angle opening at the axis, the end face 
of a follower side arm serves as dip opening of the tilt angle gamma to the arm axis, and the offset 
revolution joint assembly is prepared in right-angle opening and dip opening. 

[0017] The joint revolution driving mechanism section 9 fixed to driving-side arm point 6b by which the 
offset revolution joint assembly in this operation gestalt was fixed at the motor unit 8 and this head of a 
motor unit, and this driving-side arm point is assembled by one. A head side is formed in dip opening by 
right-angle opening, as for driving-side arm point 6b, a end face side carries out the bearing of the motor 
shaft head to right-angle opening, and the joint revolution driving mechanism section 9 is being fixed to 

dip opening. . . 

[0018] Motor case 10 the very thing constitutes the configuration for a part of dnving-side arm by the 
motor unit's 8 having the motor case 10 where it has an arm and a diameter of said, and carrying out 
connection immobilization of the vertical edge of this motor case like a graphic display with driving- 
side arm 6a and driving-side arm point 6b, and unifying. The motor unit 8 consists of the motor 1 1 
formed in said motor case 10 and one apparatus, an encoder 12, the slip ring 13, and a tachometer (not 
shown), and it is prepared so that the motor shaft 14 may be located on the same axis as an arm axis, or 
parallel lines. 

[0019] Positive counterrotation small control motors of arbitration, such as a DC servo motor, an At 
servo motor, a direct-drive motor, or a pulse motor, can be used for a motor 1 1. It is formed in the 
hollow shaft which has a breakthrough 15, and, as for the motor shaft 14, a signal line and a power line 
can penetrate the interior now. From the motor case, the exumbrella gearing 1 7 with which the 
breakthrough which is open for free passage to the breakthrough of the motor shaft 14 was formed is 
fixed to a projection and a point, and bearing of the revolution of the end face section and the point of 
the motor shaft 14 is made free to them at the end face side of driving- side arm point 6b. Moreover, the 
revolution knob 16 is fixed to the end face section of the motor shaft 14, and it has come to be able to 

free angle accommodation of an offset revolution joint manually at the time of assembly. 

[0020] The joint revolution driving mechanism section 9 consists of the stator section which is a driving 
side, and the Rota section which is a follower side, the stator section is connected with driving-side arm 
point 6b, and the Rota section is connected with the follower side arm 7. And a harmonic-drive device is 
constituted and turning effort is told to a follower side with a high reduction gear ratio from a driving 
side so that it may explain in full detail below in the stator section and the Rota section. 
[0021] It is fixed to driving-side arm point 6b used as dip opening, and the stator housing 20 makes free 
bearing of the revolution of the cylinder shaft 21 with which the breakthrough 22 was formed in the 
center section through the bearing 23. Bearing of the revolution of the point of this cylinder shaft 21 is 
made free also to the Rota housing 30 through the bearing 26. Therefore, as for this cylinder shaft 21, 
only offset angle gamma will incline to a driving-side arm axis. The internal-tooth bevel gear 24 which 
mesh with the external-tooth bevel gear 17 attached in said motor shaft are being fixed to the end face 
side of the cylinder shaft 21. . . 

[0022] Moreover, the bearing flange 31 from which a peripheral face constitutes an elliptical cam is 
formed in the upper part of the cylinder shaft 21, and the bearing 27 is formed between this bearing 
flange peripheral face and the upper bed section inner skin of the input gear member 32 fixed to said 
stator housing 20. As the input gear member 32 is shown in drawing 2 , it is formed in the shape of 
[ from which the soffit section is the mounting-flange section 33 ] a cylinder, and the cylindrical shell 
section 34 is formed by the metal material in which elastic deformation is possible, and the external 
tooth 35 is formed in the upper bed section peripheral face. 

[0023] On the other hand, while the output gear member 37 in which the internal tooth 36 which gears 
with said external tooth 35 is formed is fixed to inner skin by the Rota housing 30 and bearing of the 
revolution of this output gear member is made free to the stator housing 20 through the ring member 38 
and the bearing at it, the upper bed section is being fixed to the follower side arm through Rota housing. 
Many (for example, two sheets) numbers of teeth are formed from the external tooth 35 of the input gear 
member 32 which carries out elastic deformation, and the internal tooth 36 of the output gear member 37 
is with the cylinder shaft 21 , the input gear member 32, and the output gear member 7, and constitutes 
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the harmonic-drive device in which turning effort is transmitted with a large reduction gear ratio. 
[0024] The slip ring 40 is formed also between the crowning of the cylinder shaft 21 , and the Rota 
housing 30 (output gear member 37), and it could be made to perform the free roll control which does 
not take a hand of cut into consideration. Moreover, when it attaches in the joint section between said 
arms, a proper seal means is attached in the revolution contact section, and the seal of drawing inside a 
robot arm is in the joint revolution driving mechanism section 9 so that the foreign matter of gas, or 
water and others may not invade into the space section inside an arm from the exterior through the 
revolution contact section. In addition, 43 in drawing is the protection cylinder of the shape of a trumpet 
fitted in and prepared in the breakthrough of the internal-tooth bevel gear 24, in order to protect so that 
the signal line which penetrates the internal-tooth bevel gear 24 may not be damaged. Moreover, 
although not illustrated, the revolution home position detection sensor is formed between the 
input/output shaft at the harmonic-drive device. 

[0025] If the joint revolution driving mechanism section 9 is constituted as mentioned above, and 
constitutes an offset revolution joint assembly for the motor unit 8 and driving-side arm point 6b by 
assembly ****** in one, it assembles it beforehand and it is set for every joint, since it should just carry 
out sequential connection of a driving-side arm and the follower side arm through this offset revolution 
joint assembly on the occasion of an articulated robot's assembly, it is easy an assembly. Moreover, 
since what is necessary is just to exchange this offset revolution joint assembly when an offset 
revolution joint breaks down, a maintenance is also easy. In addition, on the occasion of the assembly of 
an arm, connection on the follower side arm of the joint revolution driving mechanism section 9 can be 
performed by fixing the output gear member 37 to the follower side articular disk 42 by which dip 
opening immobilization of the follower side arm 7 is carried out through the Rota housing 30 like direct 

or a graphic display. , ' i_ 

[0026] By attaching as mentioned above, axis of rotation of the joint revolution driving mechanism 
section 9 will do angle gamma dip of to the arm axis LA of the driving-side arm 6. Consequently, 
gamma becomes whenever [ offset angle ] whenever [ tilt-angle ], and gamma will carry out cone 
rotation of the follower side arm 7 whenever [ offset angle ] by making the intersection of the offset axis 
of rotation LB and the arm axis LA into top-most vertices. Therefore, a very complicated motion of 
three dimensions can be carried out only in the combination of rotation by combining two or more these 
offset revolution joints. . 

[0027] Next actuation of the joint revolution driving mechanism section 9 constituted as mentioned 
above is explained. Actuation of a motor 1 1 rotates the cylinder shaft 21 with a predetermined rotational 
speed through the external-tooth bevel gear 17 and the intemal-tooth bevel gear 24. In that case, by 
making the internal-tooth bevel gear 24 into path size, it can slow down according to a diameter ratio, 
and big torque can be generated by the small motor. And since it is engagement of bevel gear, neither a 
slide nor backlash is also almost and it can transmit correctly and calmly. When the cylinder shaft 21 
rotates the major-axis section peripheral face of the elliptical bearing flange 31 currently formed m the 
peripheral face of this cylinder shaft pushes the cylindrical shell section 34 of the input gear member 32 
according to a cam operation through a bearing 27. Thereby, the cylindrical shell section 34 of the input 
gear member 32 carries out elastic deformation, and an external tooth 35 gears with the internal tooth 36 
of the output gear member 37. therefore, the time of the engagement position of an internal tooth and an 
external tooth carrying out sequential change along with a revolution of a cylinder shaft, and a cylinder 
shaft rotating one time ~ the output gear member 37 - a number of teeth with an input gear member - 
only difference will rotate. Therefore, if the number of teeth of an input gear is set to Zi and the number 
of teeth of an output gear member is set to Zo, a reduction gear ratio serves as (Zo-Zi)/Zo, and can 
obtain a big reduction gear ratio. 

[0028] Therefore, in addition to the aforementioned external-tooth bevel-gear-internal-tooth bevel-gear 
driving mechanism, a big reduction gear ratio can be further obtained according to a harmonic gear 
device, and bigger running torque can be obtained by the small motor. This is that which can attain 
lightweight-ization for a robot's joint, and is dramatically advantageous as a robot's joint device. 
Moreover, since a motor is made in agreement with an arm axis and can always be attached regardless 
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of whenever [ offset angle ] by adopting an external-tooth bevel-gear-internal-tooth bevel-gear driving 
mechanism, it is not necessary to enlarge the diameter of the arm of the joint section, and can constitute 
in the shape of [ narrow diameter ] a pipe as the whole multi-joint arm, and a self-weight can be 
decreased. 

[0029] Moreover, since said reducer style gears by the elastic deformation of the cylindrical shell section 
of an output gear member, there are many simultaneous engagement numbers of teeth, the effect of the 
rotational accuracy on a dental pitch error is equalized, and high rotational accuracy is acquired. 
Therefore, it is effective also as a joint of the robot which high positioning accuracy is conjointly 
acquired more with an offset revolution joint device, and requires a very precise motion. Furthermore, 
the rolling contact is not carried out, and since peripheral speed is also low, a gear tooth and a gear tooth 
are dramatically quiet, and there are also few oscillations. Therefore, it is quiet, and a motion of high 
degree of accuracy requires for example, is suitable as joint devices, such as a care robot. Moreover, 
since the same joint revolution driving mechanism section also as each joint is adopted, various 
combination can do the reduction gear ratio of each revolution joint easily only by only changing gear 
ratio, for example, the joint section near a base side can be suitably combined easily so that it may be 
made late and the joint section of the portion near an end effector may be carried out early. 
[0030] Moreover, since it is a motor with a brake, even if a motor does not form a special actuator, it can 
hold a revolution location strongly, can continue holding a big load certainly in a predetermined 
location, and is safe. For example, since brake actuation will be automatically carried out if a revolution 
of a motor stops by interruption to service etc., while being able to hold the location and being safe, an 
actuator can be operated like before, it is not necessary to maintain a braking condition, and energy 
saving can be aimed at. Moreover, since robot arms including a joint can be penetrated in midair from a 
base to an end effector as mentioned above as the focus with the big offset revolution joint of this 
operation gestalt and the seal of the revolution sliding surface has been carried out thoroughly, it is 
able to intercept the centrum inside an arm thoroughly with the exterior. 

[0031] Drawing 3 shows other operation gestalten of the offset revolution joint of this invention. The 
same sign is given to the same member as said operation gestalt, and only a point of difference is 
explained. With this operation gestalt, the belt transmission device by the timing belt is adopted as a 
driving mechanism of the joint revolution driving mechanism section from the motor 50. That is, a 
timing belt 54 is constructed and passed between the pulleys 53 which fixed the synchronous pulley 52 
to the output shaft 51 of a motor, and were fixed to the soffit of the cylinder shaft 21, and turning effort 
is transmitted to it. Therefore, in that case, by making a pulley 53 into path size from a pulley 52, it can 
slow down according to a diameter ratio, and big torque can be generated by the small motor. And since 
it is transmission by the timing belt, neither a slide nor backlash is also almost, and it can transmit 
correctly and calmly. 

[0032] In addition, in this example, the driving-side arm is continuing to a point and the motor assembly 
57 is being fixed to the motor anchoring housing 56 fixed to the stator housing 55 of the joint revolution 
driving mechanism section attached in the head opening. Therefore, the motor shaft is attached in 
parallel with the axis of the cylinder shaft 21 of the joint revolution driving mechanism section. With 
this operation gestalt, carry out axial connection, synchronize two or more (drawing two pieces) motors, 
and a motor assembly enables it to make them have operated, and when torque runs short only by one 
motor, it can acquire big torque only by the small motor by connecting a motor. In addition, 58 is a 
home position detection sensor. 

[0033] Next, the operation gestalt of the control method of the articulated robot of this invention is 
explained about the articulated robot using the above-mentioned offset revolution joint. Drawing 4 is the 
block diagram showing the fundamental configuration of the control method of the articulated robot of 
this invention. The robot system of this operation gestalt consists of a work-plan system A, a 
manipulator system (the actuation section containing an arm, a joint, an end effector, and the control 
section that controls these directly is pointed out) B, and an image recognition system C. 
[0034] The work-plan system A consists of manual control input devices 73, such as a joy stick or a 
keyboard, as the object for remote instruction, or an object for manual operation the various data bases 
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70, the work-plan means 71, the trajectory generation means 72, and if needed. All information and data 
required for the work plan for making an activity required for a robot do are determined and inputted 
into the various data bases 70. As information and data required for a work plan, there are gestalt 
information on an articulated-robot main part (for example, the functional configuration of each joint, 
the functional configuration of an end effector, etc.), installation information on an articulated-robot 
main part (operating range of an articulated-robot main part, the camera for image recognition, and a 
fixed position coordinates, such as an object, and an articulated robot etc.), and an articulated robot's 
operating instructions (decision information, such as manual operation mode, the program operation 
mode, and autonomous-working mode). And the Brock field data for every Brock by which Brock 
instruction was carried out beforehand mentioned later is also stored. Moreover, by ROM-izing the 
various activity data bases which put in a database various basic work contents, such as an object 
configuration data base which put the configuration of various kinds of activity objects etc. in a 
database, an assembly method, and the processing method, various activities can be called from a data 
base and can be carried out to the object of various configurations. 

[0035] The work-plan means 71 teaches the location for making it work to an articulated robot, attitude 
information, sequence, working condition information, etc., forms a work plan combining information 
from the information beforehand ROM-ized by various data bases, the information from an image 
recognition system, or an external input, and teaches it to the trajectory generation section 72. The 
trajectory generation means 72 calculates the motor of each joint for moving an articulated robot in 
accordance with the directions path for performing the taught work content, and the controlled variable 
of an end effector, and orders the manipulator system C them. With this operation gestalt, there are the 
hand force / torque command, a hand angle command, a hand location command, and a camera field-of- 
view command as a command from a trajectory generation means. 

[0036] A joint torque distribution means 75 by which the manipulator system B determines the joint 
torque of each joint according to the hand torque command from the trajectory generation means 72, a 
joint angle count means 76 to calculate the joint angle of each joint based on a hand angle or a hand 
location command, and the servo motor 80 formed in each joint 79, It consists of a tachometer 81, the 
joint unit means which consists of encoder 82 grade and the force/torque sensor 87 prepared in the end 
effector 86, an angle sensor 88, and gravity sensor 89 grade. It served both as the communication link 
interface shown in drawing 6 mentioned later, said joint torque distribution means 75, and the joint 
count means 76 at each joint, and it is equipped also with CPU which performs activation and a report of 
a command, and the joint data base. 

[0037] The arm length of each joint beforehand ROM-ized by the joint torque distribution means 75 at 
the data base, An offset angle, an angle-of-rotation rate constant, many constants of a servo motor, a 
reduction gear ratio, the constant of a tachometer, The partition law of the joint torque based on the data 
of each joint propers, such as a control parameter of the constant of an encoder, an angle, and speed, is 
ROM-ized. The amount of speed control of each joint for realizing a certain fixed time-of-day hand 
force / torque command sent from the trajectory generation section based on this partition law is 
determined, and it is sent to juxtaposition at each joint. Similarly, with the joint angle count means 76, 
the angle of each joint for realizing the hand angle command from a trajectory generation means and a 
hand location command is calculated, and it is sent to juxtaposition as an angle controlled variable at 
each joint at each joint. 

[0038] At each joint, based on the amount of speed control from a joint torque distribution means, a 
speed control signal (current control) is sent to a servo motor 80 through a servo amplifier 84 from the 
speed-control means 85, and revolution actuation of the servo motor of each joint is usually 
simultaneously carried out in juxtaposition. The rotational speed of a motor is detected by the 
tachometer 81, and the detection result is fed back to a speed-control means, and is controlled to reach 
desired value. Moreover, based on an angle controlled variable, the angle control signal from the angle 
control means of each joint is similarly sent to a servo amplifier 84 from the joint angle count means 76, 
it is united with said speed control signal, and a servo motor 80 is driven. Angle of rotation of a motor is 
serially detected by the encoder 82, is fed back to the angle control means 85, and is controlled to reach 
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desired value. 

[0039] Although motion of each arm by revolution of the servo motor of each joint is compounded and 
an end effector 86 moves, a motion of an end effector 86 is detected by the force / torque sensor 87 
prepared in it, an angle sensor 88, and the gravity sensor 89, and it is fed back to the joint torque 
distribution means 75 and the joint angle count means 76, and the above control is repeated until the 
motion obtains target torque, an angle, and a location. If a hand's location and angle reach a 
predetermined value, the activity will be ended, and it moves to the next activity. Then, image detection 
of a new hand's location and the condition of the neighborhood is carried out with a joint camera and a 
plinth camera, and it prepares for the next activity. 

[0040] The image recognition system C The plinth camera 90, a joint camera (not shown to drawing 4 ), 
It consists of camera-control rule generating means 91, such as a camera angle / zoom control which 
controls a camera based on the command of the trajectory generation means 72, a configuration extract 
means 92 of the aim to extract a target configuration from a camera image, and a configuration decision 
means 93 of an object. The magnitude of a configuration is computed, while extracting a three- 
dimension position coordinate to an articulated robot's installation coordinate and performing fixing of 
an object based on the comparison (collating) with each joint signal of an articulated robot, each CCD 
image, and a configuration data base. 

[0041] Next, the flow chart which shows the fundamental operations sequence of the articulated robot of 
this operation gestalt which consists of the above systems to drawing 5 explains. If an activity is started, 
while calling the initial value of a multi-joint arm, an end effector, and a camera from the various data 
bases 70, each of a call, a multi-joint arm, an end effector, and a camera is set as a initial value for the 
configuration of a multi-joint arm, the configuration of an end effector, and the information on a camera 
system. By that cause, camera lines of sight and an angle of visibility are initialized (step 1), a camera 
carries out signal processing of a counterpart and the image for the hit of an activity object based on it, 
and an objective outline configuration is extracted (step 2). As the method of signal processing, binary- 
izing or the method of multiple-value-izing and extracting an objective outline configuration, the method 
of connecting the ******** field of the degree with the same brightness, and extracting an objective 
field, or the method of connecting the ******** field of the color of the same degree and extracting an 
objective field is employable. And an aim is extracted out of the extracted configuration (step 3), the 
objective outline configuration and objective field configuration which were extracted are collated with 
the data base in which the configuration of an activity object is stored, and the location and position of 
an activity object are presumed (step 4). And the obstruction of the bodies other than an activity object is 
carried out, and the location and position are memorized. 

[0042] As mentioned above, presumption of the location and position of an activity object and an 
obstruction draws up a work plan in a work-plan means based on this presumed signal (step 5). A work 
plan will determine a hand's terminal location and terminal position based on data, such as the 
controlling method stored in the data base, or work contents (assembly, processing, welding, trial, etc.) 
which are taught beforehand and stored in the execution file, if the location and position of an activity 
object are given. Subsequently, the orbit to a hand's position to starting point location, end point 
location, and end point position is calculated with the trajectory generation means 72, and a controlled 
variable'is obtained (step 6). Then, a hand orbit is decided to avoid the obstruction obtained from image 
information, and an orbit is generated. 

[0043] As a command required if trajectory generation is made, in order to generate an orbit to an offset 
revolution joint and an end effector, a hand location command, a hand angle command, and the hand 
force / torque command are given to the joint angle count means 76 of a manipulator system, and the 
joint torque distribution means 75 (step 7). By those commands, a hand moves in accordance with an 
orbit, and the time series value of each joint angle is calculated so that a drawing arm may avoid the 
obstruction obtained from the image (steps 8 and 9). Based on it, joint speed control of each joint and 
joint angle control are performed (step 10, step 1 1), a revolution of a motor is controlled, and it moves in 
accordance with a joint / end effector orbit. 

[0044] if migration is completed ~ the force / torque detection of a hand, and gravity detection of a hand 
http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 1/6/2004 



Page 9 of 1 1 



- carrying out -- step 8 - feeding back (steps 13 and 14) -- angle detection of a hand is performed and it 
feeds back to step 9 (step 15). And actuation will be ended, if a hand's location and angle judge whether 
it became a predetermined value (step 16) and become a predetermined value. When it is not a 
predetermined value, the control same to step 2 as return is repeated. Since the joint/end effector is 
moving in that case, a joint camera moves in connection with it, and the new image by migration is 
given to step 2 (step 17). Similarly, the image of a result which moved is given to step 9 also from a 
plinth camera (SUTETSU 18). . 
r0045] Although the above is an articulated robot's fundamental control method in this invention, each 
joint is an offset revolution joint and the articulated robot of this invention can choose the free sense and 
free location in three-dimension space of the end effector implementation was difficult the end effector 
by the three-dimension robot conventional only by each joint carrying out an offset revolution. And it is 
possible to work also to the activity object in the locations (for example, back of an obstruction etc.) 
which must pass through a complicated path until it can carry out the motion to which the combination 
of a motion of each arm surged like a snake, for example, an end effector reaches an activity object. It 
faces doing a complicated activity taking advantage of this property of the articulated robot of this 
invention Like before For example, if the orbit from the starting point of an end effector to a target 
position is taught for instruction of a working point, and between the taught working point is calculated 
as a controlled variable of the motor arranged at each joint of an articulated robot and carries out 
trajectory generation The information on a very huge amount must be processed for every time of day, 
the load of a computer increases, and there is a trouble that a speed of response becomes slow. 
[0046] So, in this invention, in order to cancel the above-mentioned trouble, the network of the ** each 
joint and central computer in the new task teaching method which adopted the ** Brock teaching 
method in the following work-plan systems especially, and a manipulator system was built. 
[0047] ** Divide the movable range of the Brock teaching method and an effect (active region) into two 
or more rough Brock B. The Brock instruction method which teaches the orbit to Brock in whom die 
working area of an end effector exists per Brock, and puts it in a database, When an end effector did the 
activity for which it opted in the narrow range, by [ with the activity point instruction method which 
teaches and puts the work content in a database by the work unit ] both combining law, it made it 
possible to shorten data-processing time amount by leaps and bounds. 

[0048] If it explains in full detail, as shown in drawing 1 , the Brock instruction method makes the active 
region of an end effector rough Brock at division (drawing 54 Brock), teaches beforehand the specific 
angle of rotation and the specific angular rate of rotation of each joint required to move to the Brock, 
and puts them in a database. Although there is moving trucking to each block innumerably, since a 
motion of each joint is prescribed by only angle of rotation, if the combination of angle of rotation of 
each offset revolution joint in the condition that an end effector is located is specified and put, for 
example on a certain Brock's reference point, and Brock is specified, the conditions of each joint to 
locate an end effector can ask the Brock from a data base in an instant. In the example of a graphic 
display if 54 kinds of data bases are prepared at worst and the path which moves will not be limited, a 
working point will be taught to target Brock [ end effector / Brock / which ] in an instant using this data 
base, and an orbit will be generated. 

[0049] Moreover when a working area starts the Brock boundary region, touching Brock is chosen, and 
the data base about actuation of each joint of the Brock is called and controlled automatically. Moreover, 
when a working area crosses to a wide area beforehand, the method of working combining two or more 
Brock is taken. Brock's combination has the method of horizontal typesetting, ****, and a group m 
every direction, and these will be called from a data base. 

[0050] What is necessary is for migration within Brock after an end effector arrives at Brock's criteria 
location where a working area exists to store instruction of the same working point as usual, and 
instruction of a work content in the execution file, and just to perform it by calling it. Or what is 
necessary is to draw up a work plan with the image information and the optimal control law from a joint 
camera or a plinth camera, and to automate it, or just to operate manually with a joy stick etc. In that 
case, since it is only migration within specific Brock, trajectory generation can be carried out in little 
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[ there are few joints which operate and ] data processing, and there are few burdens of a computer and 
they become accelerable. ■ 
[0051] Furthermore, if it is the activity the activity within Brock was decided to be as mentioned above 
(for example, an assembly method, the processing method, welding process, the examining method, 
etc.), and the work content for every Brock is taught and put in a database, and Brock of this working 
area 'is reached, the orbit for the work content in Brock will be generated by calling from a data base in 
an instant. Since there are few joints in the narrow range in Brock which carry out movable, not only 
specific Brock but other Brock can be used copying, as compared with the conventional robot control 
system, the work-content instruction data put in a database is easy to control, and they can accelerate it. 
Furthermore, by function-izing the content of instruction, a motion is reducible and expandable and can 
be applied. 

[0052] ** In order to build the network network of each joint, as shown in a block diagram, out of the 
device system 100, each joint had the joint data base ROM 101, the objects ROM102 and CPU103 for 
starting, and a communication interface 104, and equips drawing 6 with communication facility. The 
data of each joint propers, such as a control parameter of arm-length [ of the joint ], offset angle, and 
revolution each rate constant, the constant of a servo motor, many constants of a tachometer, the 
constant of an encoder, an angle, and speed, is stored in the joint data base ROM. 
[0053] And with this operation gestalt, as a signal line to each joint signal, there are a whole signal line 
105 and an individual signal line 106 substantially, and it comes to be able to carry out the change 
activity of both, and a network is constituted and it is. For example, the whole initial setting becomes 
easy by notifying to whether delivery and this joint are in a whole signal at what position, and what kind 
of joint the communication link interface has led the content of the joint data base of self with the 
seizing signal from the upstream on an individual signal line at the power up to a control computer and 
all joints. Moreover, as mentioned above, each joint is suppliable with other joints, since the 
combination of a motion (revolution) of each joint will be innumerably to form a robot orbit and the 
motion of one joint will not be interlocked with a motion of an end effector directly, if the offset 
revolution joint of this invention is adopted by forming a network, even if one joint breaks down. 
[0054] In the Brock instruction, as typically shown in drawing 7 , by connecting each joint with a joint 
torque distribution means and joint each count means according to an individual through a whole 
communication wire, each joint can perform activation of a direct command, and the report of a result, 
and the activation of the orbit based on the Brock instruction of it is attained. Moreover, when carrying 
out a motion which is a snake and which surged, it is an individual signal line and the angle of the joint 
by the side of an adjoining head is sent to the joint by the side of the end face which adjoins reception 
and its joint angle. There can be no communication link with the computer which controls the whole by 
that cause, the burden of a computer can become light, operation speed can be raised, and a complicated 
motion can be made smooth. . . 

[0055] Although the above explained the case where it worked with a single articulated robot, it is 
possible to also make it work by installing two or more above-mentioned robots, and two or more robots 
having two incomes. 

[0056] • u 

[Effect of the Invention] According to the articulated robot and its control method of this invention, the 
following exceptional effects are done so as mentioned above. Since a follower by-pass link makes the 
intersection of a link axis and offset axis of rotation top-most vertices and whenever [ offset angle ] 
carries out cone rotation, by preparing two or more these offset revolution joints, the offset revolution 
joint of this invention is the easy device of only rotation, and can perform precise three-dimensions 
positioning in the extensive movable range of an end effector. And since the revolution joint driving 
mechanism section in a joint serves as high reduction gear ratio transmission and an increment device in 
torque, a small drive motor can be used for each joint, it can tell stronger running torque, and can form a 
joint in a small light weight. For the articulated robot of a multiple string, this is dramatically 
advantageous, and the high offset revolution joint of a pay load can be obtained more by the small light 
weight, and it' can obtain the highly efficient articulated robot in which precise point-to-point control is 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/6/2004 



Page 11 of 11 



possible. . . 

[0057] Furthermore, by * transmitted by high reduction gear ratio transmission and the increment 
device in torque, the transmission to said revolution joint driving mechanism section from a motor can 
also tell still stronger running torque, and can form a joint in a small light weight. Even if it is the 
revolution joint which has an offset angle by adopting the interlock using bevel gear especially, a motor 
axis can be made in agreement with an arm axis, and can be installed, and the diameter of an arm can be 

made small. . 
[0058] Moreover, without consuming power also at the time of interruption to service, since the special 
actuator which constitutes a brake mechanism by adopting the motor with a brake which was united 
the encoder and the tachometer in said motor is not needed, a location can be held as it is, and while 
safety is high, energy saving can be aimed at. And an assembly and maintenance control are easy by 
carrying out unitization so that a motor case may constitute a part of arm. 

[0059] Since the articulated robot of this invention can form the whole arm containing an offset 
revolution joint and a coaxial revolution joint in a continuation hollow barrel By preparing a flexible 
hose etc. in an arm, it can be used as supply ways, such as various matter, and energy or a signal, from a 
direct robot main part. And this supply way is in an arm cylinder, since it is not put to direct external 
environment and protected, the matter supply by the harsh environment etc. is attained and the robot 
which can apply to versatility much more can be obtained. 

[0060] Trajectory generation to a target position can be performed simply, without needing complicated 
count only by specifying Brock in whom a working area exists, even if it is the articulated robot which 
does the motion with a complicated arm according to the control method of the articulated robot of this 
invention, and the motion with an early smooth speed of response is made possible. 
[0061] Moreover, according to invention of claim 10, the orbit for the work content in Brock is 
generable in an instant by calling a work content from a data base in a specific working area. And a copy 
or a motion is reduced and expanded, not only specific Brock but other Brock can apply it, as compared 
with the conventional robot control system, the instruction data of the work content put in a database is 
easy to control, and they can accelerate it. And it is possible in shortening data-processing time amount 
by leaps and bounds like invention of claim 1 1 by [ of the Brock instruction method and the activity 
point instruction method ] both combining law. 

[0062] furthermore , direct information can be send without mind [ which adjoin while being able to 
carry out the parallel control of each joint ] a central controller according to invention of claim 12 , not 
only the case of the activation based on the trajectory generation based on the Brock instruction data but 
when carry out the motion which surged the arm like a snake and move an end effector in a complicated 
path , the burden of a whole control computer can be lessen and operation speed can be bring forward 
much more . Moreover, initial setting is also easy. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 11 It is the perspective diagram showing the working state of the articulated robot concerning 
the operation gestalt of this invention. 

[Drawing 21 the offset revolution joint section of the articulated robot concerning the operation gestalt of 
this invention is shown — it is fracture front view a part. 

[Drawing 3] the offset revolution joint of the articulated robot concerning other operation gestalten of 
this invention is shown ~ it is fracture front view a part. 

[Drawing 4] It is a block diagram based on the articulated-robot control method concerning the 
operation gestalt of this invention. 

[Drawing 5] It is the flow chart which shows the actuation. 

[Drawing 61 It is the block diagram of the joint section which constitutes the network in the articulated- 
robot control method concerning the operation gestalt of this invention. 
[Drawing 7] It is a network configuration conceptual diagram. 
[Description of Notations] 

I Articulated Robot 2 Arm 
3 End Effector 4 Camera 

5 Head Arm 6 Driving-Side Arm 
7 Follower Side Arm 8 Motor Unit 

9 Joint Revolution Driving Mechanism Section 10 Motor Case 

I I 80 Motor 12 82 Encoder 
13 Slip Ring 15 Breakthrough 

1 6 Rotary Knob 1 7 (External Tooth) Bevel Gear 

20 Stator Housing 21 Cylinder Shaft 

22 Breakthrough 24 Internal-Tooth Bevel Gear 

30 Rota Housing 32 Input Gear Member 

37 Output Gear Member 40 Slip Ring 

50 Motor 54 Timing Belt 

55 Stator Housing 57 Motor Assembly 

58 Home Position Detection Sensor 70 Data Base 

71 Work-Plan Means 72 Trajectory Generation Means 

73 Manual Control Input Device 75 Joint Distribution Means 

76 Joint Angle Count Means 79 Joint 

81 Tachometer 84 Servo Amplifier 

100 Device System 101 Joint Data Base ROM 

103 CPU 104 Communication Link Interface 
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CLAIMS ■ m 

[Claim(s)] 

[Claim 1] In an articulated robot which has at least two or more offset revolution joints by which 
revolution actuation is carried out at the circumference of offset axis of rotation toward which a driving- 
side arm and a follower side arm inclined to an arm axis By motor, incline at the head of an arm of 
either a driving-side arm or a follower side arm by whenever [ predetermined offset angle ], and the 
hollow axis of rotation by which revolution actuation is carried out is prepared in it free [ a revolution ]. 
An articulated robot characterized by fixing the Rota member which has turning effort transmitted by 
arm end face of another side from said hollow shaft, and said hollow axis of rotation and said Rota 
member serving as high reduction gear ratio transmission and an increment device in torque. 
[Claim 2] from an output gear member whose number of teeth is more than an input gear member and 
this input gear member to which it comes to fix said high reduction gear ratio driving mechanism 
possible [ elastic deformation ] by a peripheral face turning into a tooth flank in respect of the cam 
actuation to which said hollow shaft with which a cam side was formed in a peripheral face, and inner 
skin engage with a cam side of said hollow shaft slightly - becoming - this output gear member ~ said 
Rota — a member — **** — an articulated robot according to claim 1 which is. 
[Claim 3] For said motor, the axis of rotation is the articulated robot according to claim 1 or 2 with 
which are arranged so that it may become parallel, and a bevel-gear driving mechanism which it 
becomes from engagement with an arm axis, coincidence or external-tooth bevel gear fixed to an output 
shaft of a motor, and internal-tooth bevel gear fixed to a end face of said hollow axis of rotation comes 
to transmit turning effort from this motor to the hollow axis of rotation. 

[Claim 4] An articulated robot according to claim 3 with which a case of said motor has become a part 
of arm. 

[Claim 5] Turning effort from said motor to the hollow axis of rotation is an articulated robot according 
to claim 1 or 2 which a belt transmission device which consists of a timing belt which constructed 
between a pulley fixed to an output shaft of a motor, a pulley fixed to a end face of said hollow axis of 
rotation, this pulley, and said pulley, and was passed comes to transmit. 

[Claim 6] claims 1-5 which are the motors with a brake by which said motor was united with an encoder 
and a tachometer - an articulated robot of any or a publication. 

[Claim 7] claims 1-6 which an output side and a reverse side shaft edge of said motor shaft are made to 
project, and have prepared a manual revolution controller in a lobe - an articulated robot of any or a 
publication. 

[Claim 8] A control method of an articulated robot characterized by an operating condition of each joint 
being determined by Brock field DATA by which call appearance was carried out from said data base 
when are an articulated robot's control method and an active region of an end effector is divided into two 
or more Brock, it is put in a database for every Brock, using an operating condition of each joint 
required to move to predetermined Brock as the Brock field data and Brock of a working area was 
chosen beforehand. 

[Claim 9] Each joint is the control method of an articulated robot according to claim 8 which becomes 
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for every joint as performs motor control independently so that the Brock field data given from said data 
base may be compared with the present condition of operation and said Brock field data may be filled. 
[Claim 10] A control method of an articulated robot characterized by calling activity point data in Brock 
from said data base, and opting for actuation of each joint when it is an articulated robot's, control 
method, instruction of the activity point in a predetermined Brock field is put in a database as activity 
point data and an end effector arrived at this block field. 

[Claim 11] Are an articulated robot's control method and an active region of an end effector is divided 
into two or more Brock. While putting it in a database for every Brock, using an operating condition of 
each joint required to move to predetermined Brock as the Brock field data Instruction of the activity 
point in a predetermined Brock field is put in a database as activity point data in Brock. An operating 
condition of each joint is determined by the Brock field data by which call appearance was carried out 
from said data base when Brock of a working area was chosen beforehand. When said joint drives so 
that these conditions may be fulfilled, it moves to predetermined activity Brock. A control method of an 
articulated robot characterized by calling said activity point data in Brock, and opting for actuation of 
each joint if an end effector reaches said selected Brock's ********. 

[Claim 12] the control method of the articulated robot characterize by enable it to send direct 
information , without mind [ which adjoin while it be an articulated robot control method , each joint 
have a processing unit , a joint data base , and a communication link interface , a network constitute so 
that between each joint control unit may exchange immediate data while each joint be independently 
connect with a central controller which control a motion of the whole robot , and carry out the parallel 
control of each joint ] a central controller . 
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ftW^Sr^o s/^WR't*-** LT/p settle?*-*'* 

>r ^ hx-^^^WbT^iiis^sb^^-rsr t 

2] #H«o3j?s/ htoaiSS-efcot, 

hP-7 t#B8«j6SfflicLTtg«tSttT^6^* 
l-*B8«ifty»SS«Pp0t iEa^-^ 0 ft 0 6 J: 5 
W5/h^S:MU #H«S:3feM«l«i-e#*i:* 

*mzzktfX'%Z£5iz^tcZk&W&k1-Z&mffi 

[0001] 

l&Wnm-fZ&ffiftm *BB«o#5y hi: 

[ 0 0 0 21 

WO 8 8/0 3 8 5 6*45t«) « Wi*7±y hHJCBiflS 
11. i*»ffl(T-Ad5r-A«|j||^^7*3/ hlHllsttilli: 
^SS^SrTS^t LT, ^-7* s/ hftffioRlileHBatti- 
-M>%mife1rZ>Zb\z±<>XT-J*±fa£1fc<n£iti:® 
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3 

[00031 u^uttd«e>s ±ia»iB*j»*tt«2:jtii-r 

[0 0 0 4] — h ^f^T'll 
ft. ^g^^f^s/^Siaey^e-hf^-f^ 
d*ftt>*LTi^&dt* rHbotS^li. BJlfyMW 

[0 0 0 5] 4#J^ WEOi:5l:t7t;x h(EJK^®^ 

aK-y h «>»J«l«fet?f±Jt»**36 s 31< 4P)?5S:»4^o 
fc. 
[0 0 0 6] 

[0 0 0 7] ±IB<oJ: 5 ^> 

J|L< ^A-"X^fWR-C#*Cfc*r^ItB^i-6*B8«n# 
[0 0 0 8] 



[0 0 0 9] 8&faiS«5iJ*eiMS#l£ IT, ^--e=Ls/ 

at* ^-^^aa^#i^@^^tbfc^#^®«:^. nib 

- * SrlKiWftdsr- £ -SXliW 4 * 5 J: 5 

stu\ £fc> atrial— ^d^^^iaitef*— o 

[0 0 10] ffilB^— **^-*j&st-a<7>— 

[0 0 1 l] ±IB*2 0B»**flK1-6*»Wo#BB« 
40 tJ«tti$^yns/^ ^igx - > ^ J: 5 ©ittftff 

p y * ^sflsj&fcit l/c e> HtriE^p v >? ftYtmm > h 

t-rZ>t<DXhZ> Q ttoT, W^^^Kx7 
so [0 0 12] *^fl ±IE(DJ:9I^^p ytm®.?- 
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[0 0 13] gHJMfiozKiy h^rT-A^pfeojt 

[0 0 14] 

^ Kai7*^^ 3££#LT^55fc*T-A5tegtfE 
[0 0 15] *S5IB^^BB«ojKs/ hGD^ir ;y h0*5 

Its r-A^coffi/Hb^0o^ o 

-f5J:5^U-C. *B8«^-fe WHJP^S** 



t6LT|HHE»J«I(7)SS{b*igofc 0 
fit^-^W^HlgT^ 5 J: 5 t J: oT. 

10 Sco^SlbSrHo^o 

X5fcUfc a 

[0 0 16] ^T, iEWR^Srfl-i-S^-fejx Ulte 

20 7 t ltv^5»-&-c*> 9 . «e»fljr— AdSKftflir-ix 

6 07-A**6 aOife«iittj|ftt2:iEft<ciS«Hpffli: 
[0 0 17] *IMl*IBIc*3»t-5*7-fejy hdlfe^inim 

^-^#5fe*^^SitL, 4MHnttlcttH«lE]4E&lb 
**M«9#BJ£SixTi**. 

[0018] h 8« % r-Ai^m 

6 b iigiKHSLT— WbtSC^iiiot, ^e-^^ 
-^10 Sflc*S|E»flJT-A(7)— 8iS*«fiRSr«fiRL-Ct> 
40 £ 0 *-^3.= s/ h 8tt. fltfS*-^^-^ 1 0 ir-ftc 

9, 4*sr-A*l||i:W-(i||±xil¥fT» 
±fcttBi"*J:5^»*t?>ix-Ct^S. 
[0 0 19] ^e-^ l l fi, DCt-^-^, ACt 
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[0020] BiflsuMgfitbtiiwft 9 autarcfc** 

fljr-A7^iijfeSixTV^^„ tit, ^r-^S^ 10 
[00 2 1] Xf-^^!)^^2 0lt «£WBP|f|S£ 

fcJtii*L2 2*'S££2ixfcHffiN2 l ^ryy^2 3 
^lt0e§Slii§lt^5 o B£Rf5tti2 1 

M^ry >-^2 6 t*ito-^/>{»i;y^3 oi^t 

EI(BS«E^WS**fCv^. tot, I^Rf5fA2 i filB 
«j«JT-A«ii|ft^*HTs ^ir* h£ vWTOlt 20 

mi^r r> f+*t e>*tfc*#*#* 1 7 1 5 f*i»** 

^2 4ft*H£3Jvtt^& 0 

[0022] R1SW2 io±ffltcii^wa®*s«n 
«S77V^Si:s IMB*^-*^*^^ om 

0 2{C7r:i-J: T*a536 J 8if+7 7^^SfI5 3 3 tfto 
T^*Rffltt^**S^ R«i!P*3 4tt»ttaS^ffi 30 

M^ntt^o 

[0 0 2 3] — P-^/N^^y/SOClt rtJiffi 
iwHtjfEn#3 5 t*^5rt*3 6 ^/&£;ft,T^£tti 

7aW3 20«3 5J;9fW^< («itf2ft) « 40 

[0024] ris«2 l^isa* u-z^w^fz o 

(ttJ2l*T»**3 7) k<omiZt>X}) 4 0* 



*3, gj*4 3li x rt«Mk»«2 4«r«ii-r*«#«W»Sr 

»ai4^j:5 i-«at 5 fc ft rt #^««: 2 4 comm 
[0025] nwm&WHmm 9 ^±<o ± 5 ^« 

iLfo*ffif&^ -t*t«:#B8flSfitc^ftffl^3t-C*5tttf % 

®fcmmm&fc*&vm7Lti&&\<wx\ 
hi&BxtbZc t— j*<r>m*itx\zy&\^x, mm 

O^LT, '&®MT-J±7<DMmfflQ&mj££tlX^ 

*«imiibmms4 2 tcia^-r & ctiaotf§5 0 

[0 0 2 6] J!^±OJ:5«-Bi!9 wt^r^iaot, n 

ffi[£3CfiKri$«gR 9 ^EHBtt«6^iB»«r — A 6 or- 
Ai»LAi:»lt, fiRymm-tZ>z.k\ztez> 0 *<D 

fifeBAilt, hftffiv^R«lHl(E31«i"r5 

[0 0 2 7] JifEOJ: 5 ^«^$ttfeBISSlliee 

nt*Wl7, rt*0««:2 4*^UTnia«i2 
l ^0f^OHItei$*r*(eItei--5o tr^lS. f^*^#$:2 

4 r t fcx^xm'&itizfccxm&'rz z 

y y ^ ^ y is*. k'K < lEm^R-om^em 
-rz>zkfrxzz> 0 Ria$i2 i ^mte-r t\^x<> 

X. BRffi«i^JSB^flK*ixTi^«Rfl!?«^**S 
77^3 1 ^SttMJIi^^T !)y^27^L 
t\ A^^rT^3 2CORfiSJPS!53 4 ZZMtm^Z 9 
W-to tniwit), A^l^r«n*t3 2<7>RfSHBS&3 4^5 
#M)^lt, ^»3 5*Sttl^=¥ras*f3 7<^rt*3 6 

tia^5o rt#t^n»^«^*tHttfanR 

mrt*Tg|X#3 7rtAy3^TW«-<lrO#»II^^Jt 

EKE-rs^^^^Sa t^ot, A^^rott^^z i k 
o-zi)/zoiii ^#^S5tit*#-5r 
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#5. 

[0029] *fc, mettSttWtt. awj¥r»»<&H 

*^«M6tt«i#4:gii-6n#y Y<nW®St L/C **»T0 

-Cm >- Km 7 * * * id 5fi(^«#tf> BlffiSB * * < -T 5 J: 5 
[0030] ^-e*>* 

"CSS. *IBi#llM>;*-7* * HhHEB8«B^*# 

Atm^bxy Km7*^^*-e«t>ffl^jta-r5^i: 
[0031] m 3 te, i^m<r>^-7^v b®fcmw<ni& 

fc6o BP*>, ^©aiA«i5li:ttt#^-y5 2S: 
B£ Ls flfiSM 2 l (BTSfcBS Lfc:/- y 5 3 t <nf% 
i:^>f -;y^h5 4^itffiLt, HH£2)£fcrorT 50 



10 

5<t5l:4oT^5, f$ot, -toifr^l*. V 5 3 

[0 0 3 2] fcjo, *jUK«T»H:, »IM8T-iWijfc«l 
Sixfc*— 5 6fc^~ ^ffl&ftS 7 

<^-* zmm& Lxmmzitxmmzitz z t 

frX'XZte V;\ot*mz>Zbi)*-e%Z>* 5 8111 

[0 0 3 3] tfcK. #3891<D*H«p#s/ hO*iJ«^ife 

■rneaU-^^ (T-A, Biff. 3iyFi7x^^ s 
[0 0 3 4] f^*fHi*Af±, #lr-^^7 0, 
K«<7)^tb«J»A*««7 3 

f-^^LTIl #B8ffln#y h*flso»ffi«« (fix. 

*-K«^*3ettf«) ds*>5. tit, 
-^-<-^«:ROM<tLX*3< ^tlCtot, m* <DM 

[0035] ir-mm^&7 in, &nm°#?y 
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fti®At}frbmn&m^fritxii?mftw$:*Lx, pat 

[0 0 3 6] -^^tra U-*^Btt, «Lilfe*^a7 2 10 

157 6, Rtf#BM5 7 9lcRrt"fe*Lfc*- tf*-*8 
0, [E]iSugS§+8K xyn-^8 2^^ri6m* 

A^it>-U-8 7, ^Sir^ih8 8 N S^ir 8 9 

MSBftfitm^a I 6 Srfcfcu ^> K^Hfr t $R£- 20 
[0 0 3 7] b/U*#gd^a7 5{Cf*, ^#>x-* 

7em ttsi^^aa* tt&m 
[oo3 8] *h«t?i4. mwh^^m^m^b<om 

-K^s^Stu g^ffli^ji-r^ct 5t-$'J#P£;*x£o * 40 

fc, ra«^H«««ttW¥a7 6^bAA»j»«-*<5 

y=-^8 2\Z£vX&m£tl. ftfiM»?a8 5l:7 
[0 0 3 9] *H«^*-# i E~^0|lie^J:6«-T- 

^sb^7=*#8 6<Dmi<n*ti\zwttbtix^ 



12 

8 9TtttHSixT, Nffi h/u*#E^a7 5, Rxfimm 
ftSWSf8:7 6\zy^- K'<y* Six. ^<Oib#^a 

[0 0 4 0] HHfc»Bfc»ci;i. ^^7 9 0, 
^7 (H4CttH^LT4P) s 7 2 <DJ§ 

[0 04 1] j^±coj; 9 te^x : rJ±frbteZ>&M 

^s^— ^-<— ^ 7 0 ^ wisest— xyh^7x 
««rpwuu &mnT-j±. ^v^*? z , 

ixjcS<5#^pi7^*»*«D<o*>^D**u BHfc* 
2) 0 «4Mffi3*>;£ifci: LTIi, 2«b*>6lSi#mt 

^tttiit^^MT'^c ^tts ttfflStxfcJK 
*^lt«*ttat/SBJB«*, ftmMMtVo<Dtet£ZWz-X 

[0 04 2] J^±OJ: 9 fP*»*«atf 
IB*afc*3^-c^*tHii*sSc*Stt6 „ 

Sixx*ff7r-</Hc»ttSttTt^{f*rtS (ttSE, 
^fitBt ft^T% ©L3[±^a7 2ff 

ft<ote&um t m&fr b mmtLm t m&mm* x<o$im 
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[0 0 4 3] 1tLjjt±l&.&tt£tl&k*-7*y hiacnffi 
^^T, ^Iffi*, ¥ife*/h/u 

AS h/i^$HE*S:7 5l:4i^5 (^x^/^7) n -t 

[0044] #ftas»T-r*£, ^fco^/h/^tfc 

fchk ^it^i^ftlll^ffi^ f 5/ y 8 1:7 ^ - hV<;y^ 
■T6 (^7^13, 14) t*C ^5fco£igfetti£ 

5) o tit, ^jfe^ffi«tft«*«Bf36^«-*ofcd^ 

^i^tl (^77/16) . m^m^^tihm^^^ 

«^7^bt)^7y^9H^e.M (^7^1 
8) . 

[0 0 4 5] EA-LI** *»M^*3»t5*BB«o#y 

i- 6 * ft»8 £ & tt * i ^flfcia (#! X- tf W 
f^KjftoCk^trs. v K^7x^^ (Djft^blgttBt 

[0 0 4 6] *r"C\ *38Wm, ±IEBBjH*4r«tBi- 
[0 0 4 7] ^ffc7nj£ 

lyK^*^ h^^IKfaEB (tbf^ffl«) S:**d^lS 



14 

S ^ P * * * T*cD©Lit £ ^ P 5/ ^ *ffiT*«^ L T 
^-^-<-^h;LT*3<^P5/^»^jti:, ^> 
7 * * * #Sfet ^ttB-CiJtaf) 6 *tfcfls*«:fT 5 ^ 

[0 0 4 8] »lt5^yps/^t^*ffili, 0 11:^ 
p jy * fc»!8rr * 0«^^SI*«-B8aoWff ^EHEA t JS 

^P 7^«S^5H^P^^I^yKx73:^ 

E^^J-Cfi. »ffiPS5 4ii 

[0 0 4 9] f»Wi^n^»J«i:^5 

py^*»^fe*-Cf^**tf5*feS:i:5. 
[0 0 5 0] K^7*^^36Sf^3B«*36*#aE"f 6^ 

[0 0 5 1] ZfvytfoXtolfmftl&IDXb 

\z&#>bti,ftftm mtitfs a&ffi, iDx^, 8«j*. 

Lf:f)7-^^-^^P)Waini:l:J;oT, B$0#ti 
^p y^rtwfP*rt«wfe^^«ilds&fiKSix6« yp 

bo ^i^PS^-f. (ili<D^o v*Xi>m^\^XQimirZ>zk& 
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-timx-ibv. fit**)*** \>mm^^^ttm^xm 

[0 0 5 2] ®*BM8<0*:y hy-*fb 

^^ROMlOl, MROM10 2, CPU1 
0 3. 1 0 4«r#U iMHMBtrfll 

[0 0 5 3] * Lt, **Jfi«*-Ctt#B8««#^0« 
«R & LT> Mtttlc^ftflr** 1 0 5 2r«ggff «M 1 

jS***"r*^i-#n«o»* (law ©n^iits 

[0 0 5 4] /o^^^^ ^7{C«*Wfw^-T 

ft. ■«#fH|E*«litiMfco*Crfcl!:J:oT. 

[0 0 5 5] BLhttU *.-0*BB«n*y H-efHK*rfT 
lit, »©p#jx M>^l!iLTf^£m^£C£ 
[0 0 5 6] 



16 

[0 0 5 7] £ibl^ ^-^^fe«r|5lsHEBIfflfii!i«« 

20 [0058] ^fc. fftm*-*&^is^-i?Rx$\£}mm 

[0 0 5 9] *5SW<0#B8«D*K2y htt, ^:7ir h [e] 

[0 0 6 0] *38M<7?#B8«n#jy KO«W*ife^J:ix 
[0 0 6 1 ] ^Ac, WtfJSl O^JBW^itttf, *S3Eff " 
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18 



So 

[0 0 6 2] £61^ 2<038«lrj:ixtf, 4-H 

«><&:: -5. *fc* «J«llKet«»t?*)6. 

[Ell] *»MO«lfi*»2:««#BB«ni#s/ ho>fls» 

[ei 2] ^m^mmmm^h^mn^^y v<d*-7 

[IS 31 *»W<OttOjllt««^«S#BB«o#!X 
hllIteB8«S*^r-SflHR»rjEffiHT-*>5o 

[El 6] *»Moj»t«lB^«5#B8«o*jy MKHBW 

[El 7] hl7-^«*«ia:H-e*>5. 
J 



1 

3 
5 

7 



2 
4 

6 



y h 

11,80 ^ — ^ 

13 * y ^ 

1 6 El(Eo*#. 



2 0 

10 2 2 milTL 

3 0 p-^^n^ 

3 7 fflrt^TSRH" 

y >^ 

5 0 =e—$ 

5 5 ^*r — fs^W^Jf 

20 5 8 KjftttBfcttrte^* 

7 1 rmwm^WL 



8 ^e-^rx- 



7 3 ^wem^xms 

7 6 MMttff^K 

8 1 mKKKn- 
1 0 0 mux 

30 ^^-^ROM 
10 3 CPU 



1 0 ^-n- 

12,82 31 

1 5 KildFL 
17 



2 1 

2 4 f*)*^® 

3 2 A^¥T 

4 0 * D y ~? 

5 4 S > 
5 7 

7 0 7*— 

7 2 ttatdfe* 

7 5 Mte^ia 



7 9 

8 4 U— #T 



10 1 

1 0 4 »«-f 



[1316] 
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[Ell] lm2] 
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[titiJP] ¥*13^2^22P (2001. 2. 2 
2) 

[*tt»3E 1 ] 

[*H«**B*] Wtt»#<OttH 
[ttjE2rtt] 

[«fflFtt*attB] 
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coni^ v ^* e> ft 6 4k*«6tb««i^ j: 9 can $ 

ixx * 1 X 2 IE«o#BB« c * y h . 

BUCJ: *) fi«iSttTftS«l** 1 XI* 2IE^(7)#Mfi5 

k^7x^ ^ <Dmy?mm&mm<D p * * k ew s l 

ft*:/*****?*— IT7'p y*m^—f"<- 
IE^- * * «t t) fftf ffl $ n/c ^py^««^l: 



»S: U T * - * MWSrfi 1 5 J: 5 ^ L T 4 -5 »#H7JE* 

[fg^J 0 1 #H«n#y h^)iiM^ot, 
i" 5 1 BfrlBx - * * «fc t) * t5U S -f p * * « 4£ 



*3E»9f«mafe* 2-2-3 -705 



F^-A(#%) 3F059 BA05 DA02 DA03 DA09 DB04 
DE01 FB05 GAOO 
3F060 BA03 GAOO GA13 GB02 GB24 
GB25 GB26 CCOO GC01 GC03 
GD07 CD 14 HAOO HA02 HA03 
HA05 

5H269 AB33 BB01 BB05 BB19 CC09 
EE03 EE11 GG02 JJ02 JJ09 
JJ12 JJ20 KK03 NN07 NN18 
QC01 QC02 QC10 



